Selective separation of phosphorous ion compounds in plating baths is of great interest. Schwertmannite, found as a strong P-sorbent in our pervious works, was used for this purpose as an inorganic chemical adsorbent. The effect of pH as a significant operating parameter on P-adsorption on schwertmannite in this process as well as on the stability of schwertmannite was thoroughly investigated. The experimental results showed that the hypophosphite H 2 PO 2 Ϫ was relatively difficult to exchange with sulfate units in schwertmannite in comparison with monoorthophpsphite H 2 PO 3 Ϫ and monoorthophosphate H 2 PO 4 Ϫ . Moreover, batch kinetic trials revealed that the obtained data was fairly fitted to pseudo-second-order models.
Introduction
Ortho-phosphoric, so-called white-or simply phosphoric, acid and its important family members have being extensively used in industrial plating processes for various purposes. For instance, as some main usages, it can be implied to hypophosphite as a reducing agent in nickel electroless plating, phosphorous as a hardening agent of electroplated film and so on. Zirconium phosphate is also industrially utilized in the chemical conversion coating on the aluminum surface for the can body as an alternative for chromate conversion coating. The inorganic phosphorous in the waste solutions from nickel electroless plating bath has been coprecipitated with metallic compounds by addition of alkaline agent and become a sludge. This leads that the recycling of the used nickel, as one of the significant resources of stainless steel, cannot be easily performed because of the harmful phosphorous existing into the sludge. There are some available techniques for separation of metallic elements from phosphorous using aqueous processing. Regarding the need to waste treatment processes with low environmental impact in the nickel electroless plating plants, there are two main points to be considered. One is the recycling technique for treatment of the generated wastewater to being selected with high effectiveness. Another is to struggling to elongate the operating life of the electroless plating bathes and restrain the generation of wasted liquid. As an example for the former, we can imply to electrolysis for recovering of valuable metals and for the latter, precipitation of metallic compounds can be proposed. Nickel hypophosphite can be precipitated at low temperature and high pH. Calcium phosphate is precipitated by addition of surplus calcium ions to the solution. However, incineration is the favored method for waste disposal in the viewpoint of economical cost. Recently, the possibility of application of effective adsorbents for optional removal of some especial ions from their liquids has gained a lot of interest and is now under intense research works.
On the other hand, schwertmannite, Fe 8 O 8 (OH) 8Ϫ2x (SO 4 ) x (1ϽxϽ1.75), is an iron oxyhydroxysulfate with low crystallinity and acidic pH under the oxidizing and sulfuric environmental conditions found in the wastewater parts of nonferrous mines. [1] [2] [3] Naturally, schwertmannite is generated by ferro-oxidans bacteria. It is metastable and decomposes to goethite, a-FeOOH. It is known as a naturally agent of As removal from wastewater in mines. [4] [5] [6] 
Results and Discussion

Ion Exchange Mechanism on Schwertmannite
Schwertmannite is a poorly crystalline material in which the essential structural sulfate can be contained within tunnels of an ordered akaganeite-like structure or into the positions on the surface of schwertmannite crystallites. 6 ) Figure  1 exhibits a schematic representation of schwertmannite based on the akaganeite structure simulated by Fukushi et al., 4) in which SO 4 ions share two O atoms with the surrounding octahedrally coordinated Fe atoms through bidentate bridging coordination (-Fe-O-SO 2 -O-Fe-).
2) The results of our pervious work, 9) indicated that surface-coordinated SO 4 groups are mostly responsible to ion exchange mechanism in schwertmannite. It was illustrated that by artificially increasing the surface sulfate units on schwertmannite, using a simple acid-washing process, the ion exchange capability of the schwertmannite sample was remarkably increased.
Experimental results for exchange reactions between monoorthophosphate, H 2 PO 3 Ϫ , and sulfate, SO 4 2Ϫ , in schwertmannite and the solution have been summarized in Table 1 . The concentration of schwertmannite here was 12 kg m Ϫ3 and experimental time was fixed to 90 min. In order to discuss about the ions exchange mechanism between the schwertmannite and the ions in the solution, initial structure of the prepared schwertmannite was assumed as Fe 8 
Effect of pH on Decomposition of Schwertmannite
Schwertmannite is known as a poorly crystalline mineral that is thermodynamically unstable and usually tends to alter to the more stable phases like goethite at higher pH values. The solubility of schwertmannite powder into the solution as ion state was examined. A suspended liquid containing 12 kg m Ϫ3 of schwertmannite, with pH 5 adjusted by hydrochloric acid, was agitated for 90 min at ambient temperature. The values of pH and the concentration of the selected ions were measured before and after the agitation. After solid-liquid separation, the solid part, schwertmannite particles, were dried in air and exposed to the same procedure. The experimental results for three cycles of the procedure are shown in The ratio of the hydroxyl group to the sulfate group in the schwertmannite composition might be determined by measuring the pH and the SO 4 2Ϫ ion concentration of the solution at equilibrium. Hereafter, the used experimental sample is the schwertmannite sample after rinsing out in the HCl solution at pH 5.
Ion Exchange between Phosphorous Components
and Schwertmannite Exchange reaction between schwertmannite and some various phosphorous components was undertaken using the prepared solutions, each of them containing 30 mM of H 3 PO 2 , H 3 PO 3 and H 3 PO 4 at pH 5, and schwertmannite with the concentration of 12 kg m Ϫ3 (14.7 mM). Ion type of H 2 PO i Ϫ (iϭ, 2, 3, 4) was dominant at pH 5. The changes in the concentrations of the selected ions in the solutions are shown in Fig. 2 . The concentration of SO 4 2Ϫ ion in the solution increases as the reaction is succeeded. The concentrations of Fe 3ϩ ions reached to less than 0.1 mM after the three cycles of the experiments. It is easy to find that the all three kinds of phosphorous components could exchange with the sulfate units in the schwertmannite. Among the present P-components, H 2 PO 2 Ϫ seems to be difficult to react comparing to the other ones.
Ion exchange mechanism can be ascertained from the behavior of SO 4 2Ϫ and H 2 PO i Ϫ ions in these reactions. Fig. 3 , time lines are deviated from each other, the amount of Rϭ2 obtained for the three other points indicates that the ion exchange reaction was reached equilibrium after the first step. Therefore, from the viewpoint of electric neutrality in the reaction equilibrium, we can say that the two H 2 On the other hand, the experimental data displayed in . That is, in spite of the fact that in the case of the mixed solution, the total adsorption capacity of schwertmannite was much higher than those individual adsorption tests, but the every phosphorous adsorption amount was less than that of the adsorption amount in the individual adsorption tests.
In consideration of reusing electroless plating baths, wherein the recycling of the bath constituents is of great importance, H 2 PO 2 Ϫ is handled as a useful reductant while H 2 PO 3 Ϫ is a product that is mostly preferred to be in a low concentration in a bath. Hence, it is much interested in decreasing the concentration of H 2 PO 3 Ϫ in the used bath rather than H 2 PO 2 Ϫ . As shown in Table 2 , the values of K parameter that is relevant to the change in the schwertmannite structure in the solution with various phosphors ions are approximately equal 8. This means that the exchange reaction between schwertmannite and the foreign ions from the solution was undertaken without any decomposition in the schwertmannite structure.
It is said that the synthesized schwertmannite by mineralogical techniques is naturally decomposed to goethite, aFeOOH, in environment conditions. Goethite has an adsorption property of various metallic ions such as Pb, Cu, Zn, Cd, Cr, As, Mn, etc.
11) in natural world. The phosphorous adsorption behavior of goethite was also examined here using 40 kg m Ϫ3 goethite powders and a solution of 30 mM monoorthophosphite ion at pH 5. The obtained result (not shown here) confirmed that the concentration of monoorthophosphite was not changed (only a few amount) after 24 h of agitating, which means H 2 PO 3 Ϫ can not perfectly removed via adsorption onto goethite.
Effect of pH on Ion Exchange Reaction
The Effect of pH on the efficiency of ion exchange reaction between schwertmannite powders of 12 kg m Ϫ3 and 30 mM H 2 PO 3 Ϫ ions was evaluated using the solutions of pH 2.0, 5.0 and 8.0 agitated for 90 min at ambient temperature. The changes in ion concentrations were listed in Table  1 (No. [4] [5] [6] . The B value for the initial pH 5 was higher than the B values for both the acidic and basic solutions. H 3 PO 3 and HPO 3 2Ϫ are considered as the most stable ion types in the solution at low pHs and high pHs, respectively. H 2 PO 3 Ϫ ion is dominant, more than 95 %, in the pH region of 2.8-5.5 as shown in Fig. 4 . Therefore, at pH 5, it is expected that the dominant ion, H 2 , but also dissociation of schwertmannite. From these results, phosphorous once inserted in schwertmannite is stable in neutral solution.
Estimation of Reaction Constants
The graph of the decease in H 2 PO 3 Ϫ ion concentration in 30 mM H 3 PO 3 solution at pH 5.0 with 12 kg m Ϫ3 (14.7 mM) schwertmannite versus time during 5 h was shown in Fig.  5(a) The pseudo-second order model well fits with the adsorption data, R 2 ϭ0.998, as shown in Fig. 5(b) . 
Conclusions
Batch adsorption studies on schwertmannite have been conducted to investigate the selectively separation of phosphorous ion components from plating baths. The experimental results on reversibility of the adsorbed ions, the effect of pH on the process and stability of the schwertmannite as well as the kinetic constants of the ion exchange process have been also disclosed as some main practical parameters relevant to this study. In the mixed solution containing H 2 Ϫ has much less sorption-tendency comparing the two others which can be considered as an advantage of utilization of schwertmannite to control the desired phosphorous ions concentrations in a plating bath. Meanwhile, schwertmannite has been found as a strong chemical adsorbent with a very fast kinetic reaction. The obtained adsorption data are well fit with a pseudo-second order model. 
